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Methods 
Cylindrical Capacitor (Figure 1) 
• Inner cylinder made from A36 Carbon Steel, 
which is commonly used in bridges and other 
civil infrastructures 
• Outer cylinder made from 316 Stainless Steel 
•  The A36 carbon steel was polished by 80 grit 
then 600 grit sandpaper  
• A Wire was attached to the base of each 
cylinder 
• This base was covered in a waterproof 
epoxy to prevent corrosion of the wires 
 
Electrical Measurements 
• The sensor was attached to an RCL meter was 
used to get the following data: 
• Resistance and capacitance in both parallel 
and series 
• Dissonance factor 
• Quality factor 
• Impedance 
• Phase angle 
 
Simulating Corrosion (Figure 2) 
• A 500-ml sodium chloride solution of 0.2 M was 
created to simulate corrosion 
• An air pump was used to provide oxygen to the 
system and speed up the corrosion process.   
• The sensor stayed in the solution for hours at a 
time, only being removed and allowed to dry for 
approximately two hours, then tested with the 
RCL meter.  
•  A new 0.2 M sodium chloride solution was 
created almost daily, and samples of these 
solutions were used to test for factors such as 
pH. 
• In total the sensor spent over 225 hours in the 
sodium chloride solutions. 
 
Introduction 
Corrosion of steel is detrimental to all types of 
infrastructure.  One of the most common types of 
corrosion is due to chloride ions, which cause passive 
layer breakdown and corrosion of steel.1.2 Structures 
can be exposed to chloride ions through various 
means including exposure to a marine environment or 
deicing salts.1This corrosion is a multibillion dollar 
problem which effects the construction transportation, 
and many other industries.  If this corrosion is not 
monitored and correctly fixed it could cause the 
endangerment of people’s lives. 3  
Problem 
• Current methods of monitoring corrosion, such as 
manual inspection, present a problem. 
• Takes time to complete 
• Inaccurate 
• May not be accessible; pipelines at the 
bottom of an ocean or underground 
In order to try to monitor corrosion, a sensor has been 
developed in order to find the electrical properties of 
steel as it is exposed to corrosion.  These results will 
make it possible to remotely monitor the degree of 
corrosion that the sensor is attached to.  This allows 
for the acquisition of data without the need for a site 
visitation, and thus more efficient and cost-saving. 
Results 
The cylindrical corrosion sensor has shown that 
it’s electrical resistance drops as it corrodes, 
especially resistance in series.  It has also shown 
that the capacitance of the sensor rises as 
corrosion occurs.  These systematic electrical 
resistance and capacitance changes can be 
collected and processed via a wireless network for 
automatic monitoring and assessment. 
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Figure 1. Diagram of the cylindrical capacitor used for corrosion 
testing.   
Figure 2. The testing area to simulate corrosion.  The 
cylindrical sensor is lowered into the 0.2 M NaCl solution 
with an air diffuser underneath. 
Figure 3. The top shows new cylindrical corrosion sensor ready 
to be tested.  While the bottom shows the corroded cylindrical 
corrosion sensor after soaking in the solution for 225.5 hours. 
 
Figure 4. The electrical properties of the sensor over the course of 
the 225 hours. Measured with the RCL meter. 
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Corrosion Reactions 
• Electrochemical Reactions 
• Anodic Reaction 𝐹𝑒 → 𝐹𝑒2+ + 2𝑒− 
• Cathodic Reaction depends on the 
environment 
• Most likely: 𝑂
2
 +  2𝐻
2
𝑂 +  4𝑒− →  4𝑂𝐻− 
• Combined: 
2Fe + O
2
 +  2H
2
O →  2Fe OH
2
 
• Other Possible Reactions: 
𝐹𝑒2+ → 𝐹𝑒3+ + 𝑒− 
2𝐹𝑒 𝑂𝐻 2 → 𝐹𝑒2𝑂3 + 𝐻2𝑂 + 2𝐻
+ + 2𝑒− 
2𝐹𝑒𝑂 + 𝐻2𝑂 → 𝐹𝑒2𝑂3 + 2𝐻
+2𝑒− 
 
